The rate of auxin transport in sunflower hypocotyls (Heliantha annus L. cv 'Russian mammoth') or corn coleoptiles (Zea mays L. cv 'WF9 x 38') was less in seedlings grown in Ca-deficient medium than in controls. The rate of IAA transport depended on the concentration of Ca in the root medium up to 1 millimolar. Further increases in auxin transport were observed when the isolated segments were incubated in medium containing up to 30 millimolar Ca. We suggest that the rate of auxin transport in plant tissue is dependent on the pool of ionic Ca in the extracellular space.
Segments from Ca-deficient seedlings exhibited a high specific requirement for Ca2W in auxin transport. Manium, strontium, and several other divalent cations tested for their ability to replace Ca2+ in restoring auxin transport showed no effect; partial replacement by lanthanum was observed.
Auxin transport, or auxin flux through the segment, which is the result ofIAA secretion by individual cells, was reduced in the low Ca2' segments due both to lowered velocity and to reduced capacity of transport. The requirement for Ca2l in the secretion of auxin is believed to be equivalent to the phenomenon observed in animal cell secretion, where the influx of Ca2+ serves as a link between an external stimulus and the secretion response.
In shoots, IAA is thought to be synthesized primarily in the apical cells and secreted or transported polarly to subjacent target cells where this hormone exerts its effects on cell elongation or differentiation. Recently, the chemiosmotic hypothesis of IAA transport has provided a model by which polar auxin transport could occur (12, 25, 28) . Since IAA has a pK = 4.7, the amount ofthe unionized form (IAAH) is appreciable in the acidic extracellular space. In the cytoplasm, where the pH is neutral, the ionized species (IAA-) will predominate. The permeability ofthe plasmalemma to the unionized species is at least three orders of magnitude higher than the ionized species (25) . Thus, the metabolic activity that maintains the pH gradient at the plasmamembrane can be considered as the driving force for the continuous influx of IAA into the cytoplasm. IAA-carriers at the basal end of the cells, which have long been hypothesized to exist (4, 14, 19) still provide the only mechanism accounting for the basipetal direction ofauxin transport. The driving force for the basal efflux may be provided by both the concentration gradient for the anion and the electronegative potential across the cell membrane which is also maintained by metabolic activity. the direction of IAA transport. Within the last three decades much has been learned about the secretion ofsubstances in animal cells. Studies have revealed a common mechanism for activation of various secretory systems, endocrine or exocrine, neurosecretions, secretion of enzymes and other proteins, ions, water, etc. The chemical or electrical stimulation of the secretory cell seems always to be coupled to an increase in the concentration of Ca2+ in the cytoplasm just prior to the actual secretion (29) . When the cell is at rest, the cytoplasmic concentration of Ca2+ is some three to six orders of magnitude lower than that ofthe extracellular space (24, 29) . A stimulus brings about a change in the permeability of the plasmalemma to Ca2+, and the passive influx of Ca2+ ensues. Only a small amount of Ca2' influx is needed to raise the cytosolic concentration several fold, and this perturbation is thought to trigger such processes as secretion, muscle contraction, enzyme activation, etc. (24) . This paper presents evidence showing that polar IAA transport or IAA secretion at the basal end of individual cells (8) into the free space is probably modulated by Ca2+. In the accompanying paper (7), data will be presented showing that concomitant to the basipetal secretion of IAA is an acropetal movement of endogenous Ca2'.
MATERIALS AND METHODS Culture of Seedlings. Several methods of culturing sunflower (Helianthus annuus L. cv 'Russian mammoth') and corn (Zea mays L. cv 'WF9 x 38') seedlings were used during the course of the experiments. In many of the earlier experiments, solid supports such as sand, fiber glass, or shredded polyurethane foam were used. In later experiments, the seedlings were grown on top of plastic netting stretched over plastic containers holding about 450 ml solution. One-fifth strength Hgland solution (15) with or without Ca was used in the early experiments; in later experiments, deionized distilled H20, supplemented only with Ca and B, was used.
The seeds were germinated in trays lined with paper towels moistened with distilled H20. After about 24 h, seeds with welldeveloped radicles were transplanted to the different solutions. The corn seedlings were grown in the dark. To determine whether the depressed rate of auxin transport was the result of permanent injury because of the prolonged Ca deficiency or was a direct effect of low Ca, segments were incubated in Ca solutions prior to the measurement of auxin transport. Results shown in Figure 2 (Fig. 4) . No In the above experiment, the segments were incubated in only one concentration (1 mM) of the element in question. In Figure  5 all the seedlings were grown in 0. never subjected to Ca deficiency. These results indicate the absence of permanent damage to the auxin transport system during the period ofCa deprivation and suggest that the observed reduction in the rate of auxin transport was simply due to a limited Ca2" supply.
Much of the Ca in plant tissues is extracellular (31), as it is in animal tissues (22, 29) . Increasing the concentration ofCa in the root medium above 1 mm did not result in a further increase in auxin transport in the buffer-incubated segments (Fig. 4) . However, incubation of identical segments in Ca24 solution further inced the rate of auxin transport. It appears that there are at least two pools ofextracellular Ca in the intact plant cell; namely, a small pool of ionic and easily displaceable Ca24 directly involved in auxin transport, and a large pool of insoluble and strongly adsorbed Ca that is of no immediate significance to the auxin transport system. Most likely, the available pool which is present in the free space and plasma membrane, is slowly converted to the unavailable pool which is bound to the cell wall. The 27) . Thus, we can only hypothesize that the Ca-auxin secretion relationship is, at the moment, only a probable manifestation ofthe stimulussecretion coupling mechanism in plants. The only other example that I am aware of, wherein the stimulus-secretion coupling mechanism may be involved, is the secretion of amylase isoenzymes in the barley aleurone layer (17) .
To summarize, our hypothesis on the role of Ca2`in the secretion of IAA is based largely on the known role of Ca2? in secretion in animal systems, from Paramecium (23) to complex mammalian systems (29) . According to the chemiosmotic hypothesis of IAA transport (12, 25, 28) , the polar secretion starts with the passive entry of the undissociated IAA (IAAH) mostly at the apical end of the cell. The molecule ionizes in the neutral cytoplasm and then binds to the putative carrier (13, 16) (10, 21, 24) . We have evidence, as shown in the accompanying paper (7) , that there is an acropetal transport of Ca2' in sunflower hypocotyl segments associated with the basipetal transport of IAA. The Ca-ATPase efflux pump together with the absorption of Ca2' into mitochondria and other organelles, may act to restore the cytoplasmic Ca2+ level to the low nonsecreting state.
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